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1.0 INTRODUCTION

1.1 Background

Soil stabilization is used for a number of activi-

ties. These include (1) temporary wearing sur-

faces, (2) working platforms for construction

activities, (3) improving poor subgrade condi-

tions, (4) upgrading marginal base materials, (5)

dust control, and (6) recycling old roads contain-

ing marginal materials. A wide variety of materi-

als have been used to stabilize soils or marginal

aggregates (e.g., asphalt, portland cement, lime

and lime/fly ash, chemicals, salt, and other tech-

niques). Selecting the stabilizer type depends on a

number of factors, including:

1. gradation,

2. plasticity index (PI),

3. availability and cost of the stabilizer and
appropriate construction equipment, and

4. climate.

When correctly designed, stabilization can pro-
duce numerous benefits for pavement construc-
tion and rehabilitation. However, inappropriate
designs and/or construction can lead to premature
failures.

Most stabilization of road materials carried out in

Alaska has involved the use of asphalt emulsions,

portland cement, chemicals, and salt. The reasons

for this are:

1. The stabilizing agents are available.

2. Equipment to incorporate the agents is
available and proven.

3. The performance of these agents is well
documented.

4. Their use is considered cost effective.

Therefore, the major part of this guide is devoted
to the use of these stabilizing agents. However,
other techniques are also addressed (for example,
lime and lime-fly ash, geotextiles, drainage).

We consider the contents of this guide to be best
practice for Alaska conditions. However, with the
advances that continue to take place with respect
to materials, equipment, and techniques, we
expect these practices to continually improve.

1.2 Scope

This guide provides practical information to
people involved in the design, materials charac-
terization, construction, and maintenance of
pavements incorporating stabilized layers. It
includes advice on how to select additive types,
how to test materials, and construction proce-
dures.

It also provides guidance on the best practices for
selecting, designing, and constructing stabilized
layers for new road pavements, as well as for
maintaining and rehabilitating existing road
pavements. This guide brings together stabiliza-
tion technology research and experience from
public agencies, contractors, research organiza-
tions, and material suppliers.

1.3 Limitations

The guide is based on information developed both
within and outside the state of Alaska. It may not
be applicable to all soils and/or environmental
conditions found in the state. For more informa-
tion, refer to the references at the end of each
chapter.

Alaska Soil Stabilization Design Guide



2.0 TYPES OF STABILIZATION

2.1 Classification of Stabilization Types

In the past, stabilization has been classified
primarily on the type of stabilizer used. Now that
mechanistic design procedures are available to
help evaluate the performance of the stabilized
layer in a pavement structure, the type of stabili-
zation can further be classified in terms of their
structural performance.

Following are the three main categories of materi-
als in terms of performance criteria (Table 2.1):

1.

Unbound Materials—Materials that do not
exhibit significant tensile strength and that do
resist traffic through a combination of
cohesion and interparticle friction, such as
natural gravels and fine grained soils.

2. Modified Materials—Unbound materials to
which small amounts of stabilizing agents are

added to

* correct a material deficiency without
causing a significant increase in stiffness,

* increase the strength, or

+ reduce the moisture or frost susceptibility
of fine grained soils.

3. Bound Materials—These are produced by
adding stabilizing agents to produce a bound
material with significant tensile strength. The
bound material acts like a beam in the
pavement to resist traffic loading. Compared
with unbound and modified materials, it has
increased structural capacity.

Table 2.1. Material Categories and Characteristics

Characteristics Unbound Materials

Modified Materials

Bound Materials

Materials Types

Crushed rock, natural
gravel, granular materials,
fine-grained soils.

Unbound materials with
small amounts of stabilizing
agents incorporated;
bitumen-stabilized
materials; some bitumen/
cement-, lime- and cement-
stabilized materials.

Unbound materials
stabilized with cement-
itious or other binders
(for example, cement,
lime, supplementary
cementitious materials,
bitumen/cement)

Behavior Characteristics

Development of shear
strength through cohesion
and internal friction
between particles.

Development of shear
strength through cohesion
and internal friction
between particles.

Development of shear
strength through particle
interlock, chemical
bonding, and cohesion.
Significant tensile

strength.
Distress Modes Deformation through shear Deformation through shear Cracking developed
and densification. and densification. through shrinkage,

Disintegration through
breakdown of particles
and/or material structure.

Disintegration through
breakdown of particles
and/or material structure.

fatigue, and
overstressing. Erosion
and pumping in the
presence of moisture.

Parameters Required for
Structural Design

Modulus
Poisson’s Ratio

Degree of anisotropy

Modulus
Poisson’s Ratio

Degree of anisotropy

Modulus
Poisson’s Ratio

Fatigue characterization

Performance Criteria

Current materials
specifications (e.g., strength,
grading, plasticity, density).
Thickness governed by
subgrade strain criteria.

Current materials
specifications (e.g., strength,
grading, plasticity, density).
Thickness governed by
subgrade strain criteria.

Fatigue and erosion

For definition of terms such as modulus and Poisson’s Ratio, see Appendix A.

10
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2.2 Types of Stabilizing Agents

Engineers use stabilization to enhance materials
properties for pavement design procedures or to
overcome deficiencies in available materials.
Stabilization agents fall into a number of
categories:
1. Asphalt—emulsions, cutbacks, and other
proprietary products
2. Portland cement—in accordance with
AASHTO standards
3. Lime—includes hydrated lime [Ca(OH),] and
quicklime [CaO]
4. Blends of the above
* Asphalt/cement
* Asphalt/lime
* Lime/fly ash
* Cement/lime/fly ash
5. Chemicals—generally proprietary chemicals
Salt—generally CaCl,
7. Others—in Alaska, these include drainage,
geotextiles, and mechanical stabilization

o

Table 2.2 gives a broad indication of the applica-
tion and effects of the various stabilizing agents.

2.3 Selecting the Correct
Stabilizing Agent

2.3.1 Soil Type

Particle size distribution and Atterburg limits are
commonly used to gain a preliminary assessment
of the type of stabilization required for a particu-
lar material. The usual range of suitability of

various types is based on the 75 um sieve (#200)
and the plasticity index of the soil. Figure 2.1

provides initial guidance for selecting a stabilizer

type.
2.3.2 Climate and Drainage

Climate can have a significant effect on your
choice of stabilizer. In wetter areas, where the
moisture content of the pavement materials is
high, it is important to ensure that the wet
strength of the stabilized material is adequate. In
these conditions, cementitious binders are usually
preferred, although asphalt and asphalt/cement
blends would also work. Lime is suitable for

cohesive soils, particularly when used as the
initial agent to dry out the material. Lime can also
work with silty soils if a pozzolan is added to
promote the cementing reaction.

Using emulsions in cold dry climates requires
using cement or lime to facilitate moisture re-
moval from the emulsion during the stabilization
process. It also promotes strength.

2.3.3 Sampling and Testing

It is essential with all stabilization work that you
thoroughly assess all materials and properly
evaluate their reactions with a specific admixture
in the laboratory before any field work begins.
Stabilized materials should be tested to determine
their quality and uniformity. Testing requirements
are described in the sections of the guide dealing
with the relevant methods of stabilization.

2.3.4 Final Selection

After analyzing all available data, you may find
there are a number of feasible solutions. The
decision is usually based on costs and/or expected
performance. You also need to consider the skills,
resources, and equipment available in the area,
past performance of similar work, and availability
of materials and construction equipment.

2.4 References

Alaska DOT&PF, Standard Specification for
Highway Construction—Metric Edition, 1998.

Austroads, Guides to Stabilization in Roadworks,
Austroads, Inc., Sydney, 1998.

Epps, J.A., W.A. Dunlap, and B.M. Galloway,
“Basis for Development of a Soil
Stabilization Index System,” USAF Contract
#F29601-70-C-0008, Texas A & M
University, November 1970.

ERES Consultants, “Soil and Base Stabilization
and Associated Drainage Considerations,”
Vol. I and II, FHWA-SA-93-004, Federal
Highway Administration, December 1992.

Transportation Research Board, “Soil
Stabilization,” Transportation Research
Record 1295, 1990.
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Table 2.2. Application of Different Stabilizing Agents

Stabilization Agent

Process

Effects

Applicable Soil Types

Cement

Cementitious inter-
particle bonds are
developed.

*  Low additive content
(<2%): decreases
susceptibility to
moisture changes,
resulting in modified or
bound materials.

*  High additive content:
increases modulus and
tensile strength
significantly, resulting
in bound materials.

Not limited apart from
deleterious components
(organics, sulphates, etc.,
which retard cement
reactions).

Suitable for granular soils
but inefficient in
predominantly one-sized
materials and heavy clays.

Lime (including hydrated
lime and quicklime)

Cementitious inter-
particle bonds are
developed but rate of
development is slow
compared to cement.
Reactions are temperature
dependent and require
natural pozzolan to be
present. If natural
pozzolan is not present, a
blended binder that
includes pozzolan can be
used.

Improves handling properties

of cohesive materials.

*  Low additive content
(<2%): decreases
susceptibility to
moisture changes, and
improves strength,
resulting in modified or
bound materials.

*  High additive content:
increases modulus and
tensile strength,
resulting in bound
materials.

Suitable for cohesive soils.

Requires clay components
in the soil that will react
with lime (i.e., contain
natural pozzolan).
Organic materials will
retard reactions.

Blended slow-setting
binders (for example,
slag/lime, fly ash/lime,
and slag/lime/fly ash
blends)

Lime and pozzolan
modifies particle size
distribution and develops
cementitious bonds.

Generally similar to cement
but rate of gain of strength
similar to lime.

Also improves workability.
Generally reduces shrinkage
cracking problems.

Same as for cement
stabilization.

Can be used where soils
are not reactive to lime.

Bitumen (including
foamed and high impact
bitumen, cutback

Agglomeration of fine
particles.

Decreases permeability and
improves cohesive strength.
Decreases moisture

Applicable to granular
materials with low
cohesion and low

bitumen, and bitumen sensitivity by coating fines. plasticity.
emulsion)
Bitumen/cement blends Agglomeration of fine Decreases permeability and Applicable to granular

particles with some
cementitious bonding.

improves strength.
Cement aids in providing
early strength.

materials with low
cohesion and plasticity.

Mechanical stabilization

Mixing two or more
materials to achieve
planned particle size
distribution.

Some changes to soil
strength, permeability,
volume stability, and
compactibility. Materials
remain granular.

Poorly graded soils,
granular soils with a
deficiency in some size(s)
of the particle size
distribution.

Miscellaneous chemicals

Agglomeration of fine
particles and/or chemical
bonding (see trade
literature).

Typically increased dry
strength, changes in
permeability and volume
stability.

Typically poorly graded
soils.

12
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More than 25% Passing 75 um Less than 25% Passing 75 um
Plasticity Index PI=<10 10=<PI <20 PI1=20 PI<6 PI<10 PI=10

(PI x % passing
0.075 mm = 60)

Form of
Stabilization

Cement and
Cementitious Blends

Lime

Bitumen

Bitumen/Cement
Blends

Granular

Miscellaneous Blends

Key Usually Doubtful

suitable

Usually not
suitable

Should be taken as a broad guideline only.

Note: The above forms of stabilization may be used in combination, for example, using lime stabilization to dry out materials
and reduce their plasticity, making them suitable for other methods of stabilization.

Figure 2.1. Guide to Selecting a Method of Stabilization

Alaska Soil Stabilization Design Guide 13



3. DESIGN PHILOSOPHY

3.1 Design Considerations

The three main aspects influencing the successful

design and use of stabilized pavement materials

include:

* the mix design for the stabilized materials,

 the structural design of the pavements into
which the stabilized materials will be
incorporated, and

+ construction of the stabilized layer.

These aspects are interrelated, since stabilized
material performance depends on the thickness
and composition of the pavement in which it is
used, while the structural design process depends
on the characteristics of the stabilized pavement
material. Both are also affected by the quality of
the construction process.

3.2 Materials Mix Design

The materials design aspects of stabilized materi-
als require the engineer to investigate and know
about both the pavement material to be stabilized
and the stabilizing agents available. Sections 4—
10 of this guide describe the desirable materials
characteristics and assessment requirements.
Important characteristics include:

» strength (compressive and shear),

* durability,

+ shrinkage characteristics,

» setting and curing characteristics,

* moisture susceptibility,

+ erodability,

e stiffness,

» fatigue performance (where applicable), and
 variability.

3.3 Structural Design

You cannot design stabilized materials without
considering the composition and structural design
of the pavement into which they will be incorpo-
rated. The performance of pavements that include
stabilized layers will depend on many factors,
including

» subgrade strength,

 thickness and stiffness of the stabilized and
other pavement layers (including the wearing
surface),

* design traffic, and

* environmental conditions—temperature and
moisture conditions and provision for
pavement drainage.

Use the flexible pavement design procedures
recommended by Alaska DOT&PF or the mate-
rial supplier to design pavements incorporating
stabilized layers.

In Alaska DOT&PF’s mechanistic design proce-
dure, stabilized materials are characterized by
their:

o stiffness/modulus,

* Poisson’s ratio, and

+ fatigue performance criteria.

These can be obtained either by testing or by
estimation and guidance. Figure 3.1 illustrates the
mechanistic design system used in Alaska.

Stabilized materials for pavements fall into two

broad categories:

* unbound materials (includes modified
materials), and

* bound materials.

3.3.1 Unbound Materials

Granular stabilized materials, modified materials,
and some asphalt-bound materials are considered
as unbound granular materials for structural
design purposes. There are no performance
criteria available for these types of materials that
can be checked during the structural design
process. Unbound materials gain their load-
spreading ability from a combination of internal
friction and cohesion and are assumed to perform
satisfactorily if they meet their respective materi-
als specification requirements.

Subgrade materials are also considered, for
design purposes, as unbound granular materials.
If subgrades are stabilized to form a working
platform or to increase their bearing capacity,

14
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Construction &
Maintenance |—p
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Environment |—p
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of Designs

l

Implement
Design &
Collect
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Figure 3.1. Structural Design System for Pavements with Stabilized Layers

then they are treated, for design purposes, as
subbase layers. Unbound materials are considered
to be anisotropic and their stiffness is stress
dependent (that is, it varies depending on where it
is located within the pavement structure).

3.3.2 Bound Materials

Bound materials can be classified as either
cementitiously bound materials or asphalt-bound
materials as described in the following sections.

3.3.2.1 Cementitiously Bound Material. Materi-
als bound with sufficient amounts of cementitious
binders to achieve significant tensile strength are
considered cemented materials and should meet a
fatigue performance criterion for structural
design. For design purposes, cementitiously
bound materials are considered to be isotropic
and their stiffness is not stress dependent.

The fatigue behavior of cemented materials can
be described by a relationship that takes the form

K a
N=[g]
0
where N is the number of stress repetitions to
failure, K and a are constants dependent on

3.1)

binder content, and ¢ is the tensile stress in the
cemented material. For cemented materials, the
value of the exponent a in the above equation is
usually about 12, which means that a small
change in the tensile stress in the cemented
material will result in a large change in the fa-
tigue performance of the material.

In other words, small changes in layer thickness
(as a result of poor construction control or appli-
cation of construction tolerances), density, or
uniformity can lead to major deficiencies in long-
term performance. This is why you should use
conservative values of the materials characteris-
tics of cemented materials for structural design.

Bonding between layers is another critical aspect
of the design of pavements incorporating ce-
mented layers. The Alaska DOT&PF mechanistic
design procedure assumes there is full bonding
between all layers. If cemented pavement courses
are constructed in more than one layer, it is vital
that these layers bond together to act as a single
structural layer. The possible effect of not achiev-
ing bonding between stabilized layers is illus-
trated in Figure 3.2.

Alaska Soil Stabilization Design Guide
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Figure 3.2. An lllustration of the Loss of Performance that Results from Debonding of
Cemented Layers (Based on Mechanistic Modeling)

The structural design process results in design
layer thicknesses for each pavement layer. For
stabilized layers, you should consider the design
thickness as a minimum construction thickness
because of their sensitivity to curing, density, and
uniformity. Apply appropriate construction
tolerances to ensure this design thickness is
achieved in the field.

3.3.2.2 Asphalt-Bound Materials. These are a
combination of asphalt and aggregates that are
mixed together, spread, and compacted to form a
pavement layer. Some materials that are stabilized
with asphalt, usually also with supplementary
additives, behave structurally in a similar way to
asphalt. This means that they can be classified for
structural design purposes in the same way as
asphalt. This characterization requires knowledge
of stiffness, which may be dependent on tempera-
ture and rate of loading, Poisson’s ratio, and a
fatigue performance relationship in the same form
as previously described for cemented materials.

3.3.3 Assessment of Existing
Pavements for Recycling

Pavement recycling can also be considered a form

of stabilization. Asphalt emulsions are generally

used in this type of stabilization. You must inves-

tigate existing pavements that are being consid-

ered as candidates for recycling to determine their

current structural capacity, composition, and

variability. There are a number of ways to carry

out this investigation work. Investigation may

include one or more of the following techniques:

* measure pavement deflections and curvatures
using falling weight deflectometer (FWD),

» assess bearing capacity using a dynamic cone
penetrometer (DCP),

* excavate test pits to measure material
properties and sample materials, and

» perform materials mix design in the laboratory.

Apart from the properties of the layer to be
recycled, the structural properties of the subgrade
and all the other layers are required as input into
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the structural design process that again is carried
out in accordance with Figure 3.1.

3.3.4 Design Traffic

Design traffic is the total traffic loading over the
design period of the pavement. Keep in mind that
cementitiously bound materials and asphalt-
bound materials have different fatigue perfor-
mance relationships. This means you will have to
determine separately for each material the number
of equivalent single axle loads (ESALSs) that will
cause the same level of accumulated damage as
the actual traffic spectrum.

3.4 Construction Considerations
3.4.1 Stabilization Equipment

Stabilization may be carried out using one of two
methods: (1) mix-in-place or in-situ stabilization,
and (2) stationary or pugmill type stabilization.
For in-situ stabilization, two types of equipment
are generally used: an additive spreader and a
mixer or reclaimer. The additive spreader is used
to distribute the additive uniformly on the soil to
be treated. These include spreaders that are
capable of applying either dry or liquid additives.
The mixer is used to thoroughly mix the additive
with the soil. These machines come in various
sizes and include

* motor patrols,

* rotary type mixers, and

» reclaimers/stabilizers.

For mixing in place with cement and lime, it is
essential to have a water truck connected to the
mixer to introduce water into the mixing unit.
More information on the types of equipment that
are used can be obtained from the manufacturers.

When stationary plants are employed, the materi-
als and additives are blended through a pugmill,
which then discharges the material into a truck.
The blended materials are normally laid with a
paver.

3.4.2 Compaction Equipment

Compaction is generally achieved with conven-
tional compaction equipment. Static steel-
wheeled compactors of at least 14 tons will be
required when the pavement layers approach 200
mm (8 inches). Use care when using heavy
vibratory rollers since they can damage under-
ground structures or the stabilized layer.

3.4.3 Procedures and Operations

While the detailed procedures vary depending on
the type of additive used, the following proce-
dures are common in most circumstances:

* First, prepare the materials to be stabilized so
that the final grade is as planned.

» Then spread the additive to the recommended
quantity using an appropriate spreader.

* Next mix the additive into the host materials
and add water as needed. Different types of
additives have different requirements for
degree of mixing.

» After mixing, begin compaction. In deep
stabilization techniques, padfoot rollers are
used until walk-out occurs. Smooth steel
vibratory rollers are then used to complete the
compaction process.

»  While most pavements stabilized with a
binder having a cementing component may be
trafficked immediately after compaction, it is
very important that the pavements be cured to
ensure they have adequate strength to carry
the traffic.

3.5 References
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4.0 ASPHALT STABILIZATION

4.1 General

Asphalt stabilization of pavement material is
usually intended either to introduce some cohe-
sion into nonplastic materials or to make a cohe-
sive material less sensitive to loss of stability with
increased moisture. Various bituminous materials
can be used for this purpose. The process is more
successful with granular material than with
cohesive material. Asphalt stabilization is there-
fore primarily used on base and, to a lesser extent,
subbase materials.

Using a mixture of bituminous and cementitious
binders together has the advantage of improving
strength as well as increasing cohesion and
reducing moisture susceptibility. Using these
types of stabilizing agents, even with poor quality
pavement materials, improves performance.

4.2 Materials
4.2.1 Suitability of Materials

A relatively wide range of materials is suitable for
asphalt stabilization, including materials that have
been pretreated with lime. Figure 4.1 summarizes
the broad selection process to determine an
appropriate asphalt stabilizing agent, while Table
2.2 indicates material types suitable for stabiliza-
tion with asphalt and asphalt/cement blends.

4.2.2 Asphalt Materials

Bituminous stabilization may be carried out with

any of the following materials:

* hot asphalt cement,

» cutback asphalt,

» asphalt emulsion, either as cationic or anionic
emulsion, and

» the above with cementitious binders used in
conjunction.

Typical binder contents range from 4% to 8%.
4.2.3 Stabilization with Hot Asphalt

Stabilization with hot asphalt involves a tempo-
rary change of state of the stabilizing agent by

significantly increasing its surface area at the
point of mixing. The two main methods are:
» foamed asphalt process, and

* high-impact process (HIP).

These processes require using specialized equip-
ment to distribute the binder. They also eliminate
the extra manufacturing process required in the
use of cutback asphalt or asphalt emulsion.
Stabilization can be carried out in place or in a
central plant.

Several types of asphalt can be used in the hot
process. Asphalt produced by the propane precipi-
tation process includes an antifoaming agent. This
ingredient must be neutralized before the asphalt
can be used for foamed asphalt. Both foamed
asphalt and the high impact process allow only a
very short mixing time while the asphalt is in a
finely dispersed condition. Mixing must be
completed and the particles coated soon after the
application of the binder.

Both methods require mixing to be carried out at
or near optimum fluid (asphalt plus moisture)
content. The fine aggregate particles are preferen-
tially coated, leaving the coarse particles rela-
tively uncoated with asphalt. You can place it
immediately, but you must be careful with initial
compaction to prevent instability. The foamed
asphalt process results in materials with the
desirable properties of asphalt mixtures: durabil-
ity, flexibility (crack resistance, stabilization of
fines against weakening by moisture), better
cohesion, and decreased permeability.

The performance of hot asphalt stabilized materi-
als varies with the quality of the material stabi-
lized. A maximum plasticity index of 615 for the
material to be stabilized is recommended for this
type of treatment (Figure 4.1). Secondary addi-
tives such as fly ash, cement works flue dust, or
lime may be added to alter the characteristics of
the finished product or to make it more amenable
to treatment with the asphalt binders.
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Cementitious additives should not exceed 2% by
mass, to avoid possible shrinkage cracking.

4.2.4 Stabilization with Cutbacks

Cutbacks are asphalt mixed with a light cutter oil,
producing binders that are fluid at ambient tem-
peratures. The cutback asphalt can be sprayed
cold or with slight heating and mixed with pre-
moistened soil. This method of stabilization
results in a material that gains strength very
slowly and as a result is not used very often.
Environmental constraints often limit the use of
cutbacks in urban areas.

4.2.5 Stabilization with Asphalt Emulsion

Asphalt emulsions may be readily mixed with
damp soil to produce a good dispersion of asphalt
throughout the soil. Asphalt emulsions are most
widely used for soil stabilization.

4.2.5.1 Classes and Types of Emulsion. Asphalt
emulsions are manufactured to comply with
Alaska Standard Specifications 702, which allows
for two classes, depending on the charge of the

suspended particles:

* anionic asphalt emulsion, where the particles
of asphalt are negatively charged, or

» cationic asphalt emulsion, where the particles
of asphalt are positively charged.

BITUMINOUS STABILIZATION

Graded noncohesive

Soil Characteristics soils low in #30

Fine-grained soils,
moderately plastic

Clean sandy or
gravelly soils

crushed rock gravels PI<6
PI: 6-15
I I I
Soil Classification GW SM GW SM GW SM
(GW-GM) (SW-SM) (GW-GM) (SW-SM) (GW-GM) (SW-SM)
SW (Depending on (GW-GC) (SM-SO) (GW-GC) (SM-SC)
particle size
distribution)

Type of Bituminous Foamed bitumen and

Cutback bitumen

Bitumen emulsion

Material high impact process

Degree of Particle Preferential coating All particles well All particles well

Coating of fine particles coated coated
Immediate Excess cutback oil Excess water
compaction, and water removed removed by aeration

Compaction water/bitumen by aeration before to assist breaking of

mixture assists compaction emulsion before

compaction compaction

Figure 4.1. Guide to the Selection of Asphalt Materials for Stabilization
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Both classes of asphalt emulsion are prepared in
three grades, rapid setting (RS), medium setting
(MS), and slow setting (SS). Only the medium-
and slow-setting grades are suitable for use in
stabilization.

Most manufacturers make all classes and grades.
However, emulsions of the same class made by
different manufacturers may react differently with
the same soil. Therefore, it is important to test the
emulsion first in the laboratory.

Asphalt emulsion is normally manufactured with
120—180 pen asphalt, which is usually satisfac-
tory for soils with lower fines content (0—10%
passing the 75-um sieve). For soils with higher
fines content (15-25% passing the 75-um sieve),
it may be necessary to use a softer asphalt if you
have difficulty in distribution. Under extreme
conditions, emulsion containing oil may have to
be used (for example, CMS-2S).

Application rates of 2 to 3% of residual binder
are commonly used. Lower rates of about 0.5% to
1% may be satisfactory for well-graded materials
in dry climates. Lower application rates, when
added to granular base materials, can be useful as
a construction expedient to reduce raveling and
potholing under traffic. In any case, determine the
application rate by laboratory testing.

If there are no other data available, a guide to the
amount of emulsion to form a heavily bound
material may be obtained from the following
equation (Asphalt Institute, 1989):

% (by mass)=0.75 (0.05A+0.10B+0.50C) (4.1)

where:

A =% retained on 2.36 mm (#8) sieve,

B = % passing the 2.36 mm (#8) sieve but
retained on the 75 um sieve (#200), and

C =% passing the 75 um (#200) sieve.

4.2.5.2 Conditions of Mixing. The soil moisture
content influences how efficiently the emulsion
gets distributed throughout the soil. Dry soil

* This is often limited by the natural moisture content of
the aggregate.

causes the emulsion to break prematurely, result-
ing in the asphalt forming blobs and not spread-
ing evenly. As the moisture content of the soil
increases, the tendency of the emulsion to break
prematurely is reduced and the time of mixing
can be extended to enable improved distribution.
If the moisture content becomes too high, you
may have to aerate the soil to remove excess
moisture before compaction begins. Once the soil
has been compacted, it is difficult to get any more
water to penetrate.

4.2.6 Additives

You can improve the stabilization of gap-graded
granular materials and/or materials with smooth
rounded grains by adding mineral filler, rock dust,
fly ash, etc. Hydrated lime or portland cement (1
to 2%) may also be added as a secondary additive
to improve particle coating. You can also use lime
as a preliminary modifying treatment to render
particular soils more amenable to receiving an
asphalt stabilizing agent (for example, asphalt
emulsions).

You can improve the bond between soil particles
with asphalt binders by using surface active
agents or antistripping additives. These agents
usually improve the wet strength and water
absorption resistance, and you can mix them with
the soil before adding the asphalt binder or
combine them with the asphalt binder before use.
The proportion of such additives is usually only
about 0.3 to 1.0% by mass of the stabilizing
agent.

You can successfully use a mixture of portland
cement and asphalt to improve the properties of
low-grade pavement materials by increasing
stiffness and reducing permeability. Also, adding
cement promotes the removal of excess water and
helps the emulsion to break.

4.2.7 Water Quality

The quality of compaction water used in asphalt
stabilization is not critical. Salty water has been
used with no apparent harm. You may have to be
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careful to prevent damage by salt accumulation,
which may lead to asphalt surfacing failures. You
should avoid using salt water to dilute emulsions.

4.3 Mix Design
4.3.1 General

You can design asphalt-stabilized materials in a
number of ways. Historically, such design has
relied on strength and water absorption testing.
However, a similar approach that is now being
used for cementitious stabilized materials and
asphalt is gaining in acceptance.

The mix design for asphalt stabilized materials
must ensure the best composition of mix compo-
nents to meet the mix design criteria and to
realize the structural parameters required. Your
assessment of the materials should follow three
basic steps for all types of asphalt stabilization:
1. Test and classify the material to be stabilized
(grading and Atterberg limits).

2. Select the type of additive, depending on
material to be stabilized, climate, and
construction equipment availability and
determine the laboratory optimum fluid
content (OFC) and compacted density.

3. Determine target residual asphalt contents,
optimum moisture content, and required
density.

The Asphalt Institute design manuals (1989,
2000) give detailed guidance of the procedures
involved. The various factors that affect the
behavior and design of asphalt stabilized materi-
als are shown in Figure 4.2.

4.3.1.1 Classifying Material. Determine grading
and Atterberg limits in accordance with AASHTO
test methods. If you plan to use lime, cement, or
other secondary additives in the stabilization
process, you should incorporate them in the
material to be tested.

4.3.1.2 Determining Laboratory Optimum
Fluid Content and Compacted Density. Opti-
mum fluid content (OFC) is defined as the fluid
content at which maximum dry density is

achieved where the total fluid content consists of
the asphalt stabilizing agent plus compaction
moisture. You should do this testing on the likely
blend to be used in the field.

4.3.1.3 Determining Target Residual Asphalt
Content. The target residual asphalt content will
depend on the performance required for the
stabilized material in the field as well as the
economics of the mix. The testing regime to
determine the target residual asphalt content will
depend on the performance criteria adopted. For
heavily bound materials, you may need to per-
form stiffness and indirect tensile testing, as well
as an assessment of fatigue performance, to
optimize structural performance. For lightly
bound materials, you should assess stiffness and
deformation resistance or Marshall stability and
flow.

You also need to assess water absorption, usually
by capillary rise of water in compacted cylinders
that have been oven dried at 60°C. Evaluate
moisture sensitivity by either long-term soaking
or vacuum soaking. In any case, try to make the
testing regime reflect construction, curing, and
performance conditions likely to occur in the
field.

4.3.2 Testing and Design Criteria

For the purpose of pavement design, asphalt
stabilized materials are either unbound, modified,
or bound materials, depending on the type and
quantity of binder. Poisson’s ratio would vary
between 0.20 and 0.45 (0.20 for bound, 0.45 for
unbound).

As a guide to selecting suitable binder contents
for preparing test specimens, soils and granular
materials normally require adding 2 to 5% by
mass of residual asphalt. You can use the diame-
tral modulus test to test for resilient modulus
(Figure 4.3), deformation, and fatigue characteris-
tics of asphalt stabilized materials.

If the diametral test is not available, use the
indirect tensile strength (ITS) test to obtain an
indication of resilient modulus.
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STABILIZED
MATERIAL

FACTOR UNCONTROLLED CONTROLLED
VARIABLES VARIABLES
Mineralogy
Grading
SOIL Grain strength & shape
Surface texture
Moisture content before
mixing
Degree of pulverization
before mixing
Properties of material
Bitumen content
BITUMINOUS Kind and grade
MATERIAL
Amount to be mixed
with soil and sand
Ambient temperature
Type of mixer
Mixing energy
MIXING Method of addition
Mixing time
Temperature
Ambient t t
fmblent temperature Method and degree of
compaction
Delay between mixing
and compaction
COMPACTION
AND CURING Moisture content during
compaction
Method and degree of
curing
Vehicle spectrum Curing time before
TRAFFICKING Axle loadings tracking
Tire pressures Degree of compaction
SUBSEQUENT ialr]:l)fallt ‘ ‘ Drainage conditions
ENVIRONMENTAL Evanoifion 1ot
CONDITIONS vaporation
Rate of loading

Figure 4.2. Factors Affecting the Design and Behavior of Asphalt Stabilized Materials
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Alternatively, the resilient modulus (E) may then
be estimated using the equation:

E (MPa) =22 x ITS (kPa) +168  (4.2)

A minimum value of ITS of 100 kPa (14.5 psi) is
recommended.

4.4 Construction Factors Affecting
Design Considerations

You should stabilize with emulsion and cutback
asphalts when conditions are dry and warm. In
hot, dry areas, medium- to slow-setting cutback
asphalts can be used, depending on the soil type,
but in cooler areas, medium- to rapid-setting
cutbacks would be required.

Foam asphalt stabilization is not subject to cli-
matic restrictions for mixing and compaction.
You must in all cases prewet the soil with water
to achieve better dispersion of the asphalt binder.
It is quite difficult to add water after the mixing
has been carried out.

When preparing test specimens of mixes incorpo-
rating asphalt binders other than hot asphalt, it is
essential that you aerate the mixture before
compacting. The time of aeration should be
enough for the excess water to escape from
emulsions and volatiles from cutback asphalt.
Don’t stabilize with asphalt binders, particularly

Figure 4.3. Diametral Modulus Testing
(Courtesy of OEM, Corvallis, OR)

cutbacks and emulsions, if rain is likely before
the process is completed.

To achieve good results with asphalt-stabilized

materials in the field, you must

* thoroughly mix the stabilizing agent
throughout the soil,

» ensure that the soil is compacted at a uniform
moisture condition, and

» ensure adequate aeration of emulsion and
cutback-stabilized materials to allow the
excess moisture and/or volatiles to escape.

Asphalt stabilized materials are much slower
setting than cementitiously treated materials, and
you must not allow traffic on these materials until
they have gained adequate strength. A limited
amount of controlled traffic after setting is advan-
tageous before sealing.

4.5 Expected Performance and Costs

Asphalt stabilized materials (using emulsions)
have been widely used in Alaska with varying
degrees of success. Local materials have been
stabilized or pavements recycled using asphalt
emulsions. Typical costs of using emulsions in
highway construction in Alaska are not available.
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5.0 CEMENT STABILIZATION

5.1 General

Cement stabilization refers to stabilizing soils
with portland cement. The primary reaction is
with the water in the soil that leads to the forma-
tion of a cementitious material. These reactions
occur almost independently of the nature of the
soil and for this reason portland cement can be
used to stabilize a wide range of materials.

Although there are several types of cement-
stabilized soils, there are two types associated
with highway construction:

1. Soil-cement—it contains enough cement
(usually > 3%) to pass standard durability
tests and achieves significant strength
increase.

2. Cement-modified soil—an unhardened or
semihardened mixture of soil, water, and
small quantities of cement.

In Alaska, soil-cement is the primary product
used and it is the only one discussed in this
chapter.

5.2 Materials
5.2.1 Types of Cement

Portland cement is a finely ground inorganic
material that possesses strong hydraulic binding
action when mixed with water to produce a
stable, durable product. Several different cement
types have been successfully used for cement
stabilization of soils:

1. normal portland cement (Type I),

2. sulfate resistant (Type II), and

3. high early strength (Type III).

The most common cement used in Alaska is Type .
The portland cement used for stabilization should
conform to Alaska Specifications, Section 701.

5.2.2 Soil-Cement Reactions

Regardless of the type used, the portland cement
acts both as a cementing agent and a modifier. In
primarily coarse-graded soils, the cement paste

bonds the soil particles together by surface
adhesion forces between the cement gel and the
particle surfaces. In fine-grained soils, the clay
phase may also contribute to the stabilization
process through reaction of the free lime from the
cement. In this manner, the cement acts as a
modifier by reducing the plasticity and expansion
properties of the soil.

5.2.3 Soils Suitable for
Cement Stabilization

A wide range of soil types may be stabilized
using portland cement (see Table 2.2 and Figure
2.1). It is generally more effective and economi-
cal to use it with granular soils due to the ease of
pulverization and mixing and the smaller quanti-
ties of cement required. Fine-grained soils of low
to medium plasticity can also be stabilized, but
not as effectively as coarse-grained soils. If the PI
exceeds about 30, cement becomes difficult to
mix with the soil. In these cases, lime can be
added first to reduce the PI and improve work-
ability before adding the cement.

5.3 Design Considerations
5.3.1 Mix Design

Table 5.1 identifies the usual cement require-
ments for soil-cement for various soil types. You
can select an approximate cement content from
this table. However, note that the cement content
ranges are for soil-cement, a hardened material
that passes rather severe durability tests.

For major projects, you should use a more de-
tailed testing program, as shown in Figure 5.1.
Detailed test procedures are given in the Soil-
Cement Laboratory Handbook (PCA, 1971).
Criteria for satisfactory performance of soil
cement in the durability tests are listed in Table 5.2.

5.3.2 Structural Design

High-strength stabilized materials have been used
in many asphalt pavements throughout the world.
The typical pavement section includes a minimum
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Table 5.1. Cement Requirements for Various Soils

Usual Range in Estimated Cement
Cement Requirement | Content and That | Cement Contents
AASHTO Used in Moisture- | for Wet-Dry and
Soil Unified Soil |Percent by | Percent by Density Test | Freeze-Thaw Tests
Classification| Classification* | Volume Weight | Percent by Weight |Percent by Weight
A-1-a GW, GP, GM, 5-7 3-5 5 3-5-7
SW, SP, SM
A-1-b GM, GP, SM, SP| 7-9 5-8 6 4-6-8
A-2 GM, GC, SM, SC|  7-10 5-9 7 5-7-9
A-3 SP 8—-12 7-11 9 7-9-11
A-4 CL,ML 8—12 7-12 10 8—-10-12
A-5 ML, MH, CH 8—12 813 10 8-10-12
A-6 CL,CH 10-14 9-15 12 10-12-14
A-7 OH, MH, CH 10-14 10-16 13 11-13-15

*Based on correlation presented by Air Force.

Table 5.2. Criteria for Soil-Cement as Indicated by
Wet-Dry and Freeze-Thaw Durability Tests

Maximum Allowable
AASHTO Soil Group Unified Soil Group Weight Loss, Percent
A-l1-a GW, GPP, GM, SW, SP, SM 14
A-1-b GM, GP, SM, SP 14
A-2 GM, GC, SM, SC 14
A-3 SP 14%*
A-4 CL, ML 10
A-5 ML, MH, CH 10
A-6 CL,CH
A-7 OH, MH, CH

*The maximum allowable weight loss for A-2-6 and A-2-7 is 10%.
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thickness asphalt concrete surface course over the
stabilized base. In many applications, only an
asphalt surface treatment is used. You can use the
AASHTO design procedure to establish thickness
requirements; however, the mechanistic-empirical
design method is preferred.

Cementitious stabilizers typically increase the
strength properties and modulus of elasticity.
Also, stabilization enhances freeze-thaw and
moisture resistance. Flexural strength, modulus,
and thickness of the stabilized layer, as well as
the subgrade modulus and strength, influence the
structural response and performance of cement
stabilized layers. Some agencies limit the com-
pressive strength to 700 psi maximum to mini-
mize the potential for shrinkage cracks.

5.3.2.1 Strength Values. The strength of the
stabilized material is a fundamental property of
design and is often specified and used for con-

struction control. The types of tests normally used
are the flexural beam test, the split tensile test,
and the unconfined compression test. The latter is
normally used because of its simplicity.

5.3.2.2 Stress-Strain Relationship. This behav-
ior is normally expressed in terms of an elastic or
resilient modulus. For cement-stabilized soils,
selecting an appropriate modulus value is compli-
cated because:

different test methods give different values,
the relationship can be nonlinear at higher
stress levels, and

the modulus is lower in tension than in
compression.

Because of this, one can use a relationship be-
tween compressive strength and modulus of
elasticity in lieu of testing.

>0.90% sulfate and
fine-grained soil
Do not use cement

IF SOIL CONTAINS LESS

THAN 50% SILT (0.05 mm)

DETERMINE AMOUNT
OF SULFATES PRESENT
IN THE SOIL

cement

>0.90% sulfate and
coarse-grained soil

Use sulfate resistant

AND LESS THAN 20% CLAY
(0.005 mm), USE PORTLAND
CEMENT ASSOCIATION
SHORT-CUT TEST PROCE-
DURES FOR SANDY SOILS

AS GIVEN IN THE PCA SOIL-
CEMENT LABORATORY

pH>12.1

<0.90%
sulfate

DETERMINE pH
OF SOIL-CEMENT
MIXTURE AFTER

15 MINUTES

pH<12.1
Do not use
cement

DETERMINE HANDBOOK.

CEMENT
CONTENT

ALL OTHER SOILS
USE TABLE 5.1
TO SELECT TRIAL
CEMENT CONTENTS

PERFORM FREEZE-
THAW AND WET-
DRY TESTS. USE
CRITERIA LISTED
IN TABLE 5.2.

Figure 5.1. Subsystem for Base Course Stabilization with Cement
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E =1000 (f) (5.1
where
E = modulus of elasticity, psi
f =unconfined compressive strength, psi

5.3.2.3 Fatigue Characteristics. The fatigue
characteristics of cement stabilized materials are
normally reported in terms of stress ratio vs.
number of repetitions as shown below:

Log N = (0.9722 — $)/0.0825  (5.2)

where
N = allowable number of repetitions
S = flexural stress/flexural strength

This relationship, developed by the PCA, is also
illustrated in Figure 5.2. You can also use this
relationship to establish the thickness requirement
when employing a mechanistic design approach.

5.4 Construction

When working with cement, always follow the
manufacturer’s instructions and seek advice about
worker safety. The Portland Cement Association

is a good source of information for construction
of soil-cement types of pavements (see website
www.portcement.org).

5.5 Expected Performance and Costs

Cement stabilized materials have been widely
used in parts of Alaska with varying degrees of
success. Local materials have been stabilized for
use in highways and airfields. Typical costs of
using portland cement are not available.
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6.0 LIME AND LIME/FLY ASH STABILIZATION

6.1 General

Lime is an effective additive for plastic soils,
improving both workability and strength. It is not
effective in cohesionless or low cohesion materi-
als without the addition of pozzolanic additives.
There are many similarities between materials
stabilized with cementitious stabilizing agents
and lime. They have similar composition, result-
ing in comparable behavior, and require similar
materials characterization, structural design
procedures, and construction considerations.

However, there are significant differences in the

nature and rate of the cementitious reactions, and
these differences often provide a basis for choice
between cementitious stabilizing agents and lime.

6.2 Materials
6.2.1 Types of Lime

Lime comes in a number of forms:

* hydrated (or slaked) lime (calcium
hydroxide),

* quicklime (calcium oxide);

* dolomite lime (calcium/magnesium oxide),
and

» agricultural lime (calcium carbonate).

Agricultural lime is not suitable for stabilization,
and dolomitic lime is not usually as effective as
hydrated lime or quicklime.

All commercial lime products have impurities
such as carbonates, silica, alumina, etc., which
dilute the active additive but are not harmful to
the stabilization reaction.

Hydrated lime comes as a dry, very fine powder
or as a slurry. The water contents of common lime
slurries can range from 80 to 200%. Quicklime
and dolomitic limes are commonly much more
granular than the hydrated products and are
available only as a dry product. These forms of
lime react rapidly with available water, producing
hydrated lime and releasing considerable amounts
of heat. Table 6.1 summarizes the properties of
lime. Lime contents are expressed as the equiva-
lent of 100% pure hydrated lime.

6.2.2 Reactions

Because the oxide reacts immediately with any
available water to form hydroxides, the main
reactions between all common lime types and
materials are alike. Adding lime results in the
following:

+ It has an immediate effect on clay, improving
its grading and handling properties by
promoting flocculation of the clay particles.
The effect varies with the actual clay minerals
present (that is, it depends on the degree of
pozzolanic material in the soil). The effect is
large with montmorillonite group clays and
low with the kaolinite clay groups.

Table 6.1. Properties of Different Types of Lime

Hydrated Lime Quicklime Slurry Lime
Composition Ca(OH), CaO* Ca(OH),
Form fine powder granular slurry
Equivalent Ca(OH), 1.00 1.32 0.56 to 0.33**
/Unit Mass (Available Lime)
Bulk Density (tons/yd?)*** 0.32 t0 0.39 0.73 0.875

* CaO + H,O — Ca(OH), + Heat

** Moisture contents of slurries can vary from 80% to over 200%

%% tons/yd® = 0.695 tonnes/m’
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* It has long-term strength gains.

» It allows reduced pavement thickness since
the stabilized material can be treated as a
base/subbase layer.

Long-term strengthening (pozzolanic reactions)
occurs in the highly alkaline environment (pH >
12.3) that promotes the dissolution of the clay,
particularly at the edges of the clay plates, and
permits the formation of calcium silicates and
aluminates at these sites. These cementitious
products are similar in composition to those of
portland cement.

This process is relatively slow because the avail-
able lime has to diffuse through both the matrix
of the material and the initial cementitious prod-
ucts. The stabilization reactions cannot proceed
unless there are clays or some other pozzolanic
material within the pavement that will react with
the lime. Lower temperatures (below 15°C) slow
the lime-pavement material reactions, and high
organic contents similarly impede those reactions.

6.2.3 Properties of Clays
Stabilized with Lime

For clays, the effect of lime on volume and
moisture stability, strength, and elastic behavior is
similar to the effects of cement. The following
sections deal only with those aspects of materials
stabilized with lime that are significantly different
from materials stabilized with portland cement.

Rate of Strength Gain

For materials stabilized with lime, the rate of
strength gain (tensile strength or UCS) is consid-
erably less than with cementitiously bound
materials. Materials stabilized with lime and
supplementary cementitious materials will con-
tinue to gain strength with time, provided curing
is sustained. The rate of strength gain is tempera-
ture sensitive and also depends on the lime
content. Therefore, exercise caution in accepting
results of high-temperature accelerated testing
without validation at field temperatures. High
temperatures can cause other types of bonds to
form that would not normally occur in the field.

Accelerated curing temperatures should not
exceed 40°C.

Lime-stabilized materials are usually evaluated at
both 7 and 28 days. High lime contents will not
necessarily produce high early strengths. Figure
6.1 illustrates the variations in strength with time
and lime content for lime-stabilized materials.

Moisture-Density Relationships

Increasing lime content increases the optimum
moisture content of the material being stabilized,
due to the fine-grained nature of hydrated lime.
This effect is further increased by delaying
compaction once the lime is added (see Figure 6.2).

6.3 Design Considerations

6.3.1 Appropriate Conditions for
Stabilization with Lime

As with all forms of stabilization, there are two

areas of consideration:

* material factors, dealing with the composition
of the material to be stabilized and its
response to lime, and

* production factors.

Material Factors

For lime to be effective, the material being treated
must contain clay particles or pozzolanic materi-
als that are reactive to lime. In general, the more
plastic the clay fines and the higher the clay
content, the larger the lime content required to
produce a specific strength gain or other effect.
However, the amount of bonding achievable with
lime is limited by the amount of reactive material.
Asess the initial lime demand for the soil to be
stabilized. Then increase the lime slightly. This
ensures that you achieve the stabilized long-term
properties after the initial reaction of the lime
with the soil.

The advantage of using lime instead of
cementitious stabilizing agents increases with
increasing plasticity and fines content. Generally,
soils with a PI < 10 will respond better to
cementitious binders. For plasticity index (PI)
reduction and workability improvement using
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lime modification, add enough lime so that
additional quantities do not result in further
changes in PI.

For lime stabilization, use pH testing to determine
whether a soil is reactive to lime and to estimate
an approximate lime content, augmented by 28-
day unconfined compressive strength (UCS) test-
ing to establish the optimum lime content. The
optimum lime content occurs when the plot of
UCS vs. lime content peaks. An additional 1% is
usually used to allow for losses and mixing varia-
tions. Sugars and reactive organic materials can
retard the development of cementitious bonds
with both cementitious binders and lime.

Production Factors

The following factors significantly affect the
quality of lime-stabilized materials:

» quality of water,

* quality of lime,

* uniformity of mixing and curing,

* compaction, and

» clay content.

Adding lime normally promotes granulation of
the material being stabilized. In materials that are
difficult to break down, the lime-material mix is
sometimes moist cured, from a few hours to a
day, after light rolling to reduce contact with air,
and then remixed. The initial lime addition may
be a portion or the whole of the design lime con-
tent. This process is sometimes called mellowing.

Lime will diffuse slowly throughout clays and
stabilize the lumps. Unless high early strength is
particularly important, it is unnecessary to seek
fine granulation. About 80 to 90% of the soil’s
clods should pass the 26.5-mm sieve. If tempera-
tures are low at the time (< 15°C), then more
attention should be given to breakdown.

Using quicklime to establish a working platform
on a wet clay is a useful construction expedient
and uses the exothermic reaction of the lime as it
hydrates to reduce the moisture content of the
soil.

Compaction Process

The initial rate of reaction with lime allows time
to achieve adequate compaction and riding
qualities of lime-stabilized materials. If you are
seeking high strengths, you need to perform early
compaction to achieve as high a density as pos-
sible. Delayed compaction lowers the density but
this is not as severe as cementitious binders.

6.3.2 Evaluation and Use of
Materials Stabilized with Lime

The evaluation techniques and methods for
materials stabilized with lime are similar to those
used for cementitious binders. Lime is often used
to modify materials, particularly those with high
plasticity. If modification without achieving high
strengths is the aim, the stabilized material can be
reworked one or two days after initial compac-
tion. If high strengths are required, you need to
exercise careful control over field procedures,
particularly moisture control, early rolling, and
effective curing. Hydration cracking of lime-
stabilized materials is not usually a major
problem.

The similar range of materials for subgrade,
subbase, and base can be treated with lime or
cement. Certain conditions will favor the use of
lime. Quicklime and, to a lesser extent, hydrated
lime are particularly suitable for treating wet
plastic clay subgrades. They provide effective
working platforms from otherwise untraffickable
situations. Lime slurry is not suitable for this
application.

Lime is effective in modifying excessive plastic
properties of subbase and base materials. Such
modification of base materials is a widely ac-
cepted and successful practice. At lime contents
of less than about 3%, the risk of undesirable
shrinkage cracking is low, and it would rarely be
necessary to take special measures to combat
reflective cracking.

The use of lime slurry may have advantages in
urban areas since it reduces environmental issues
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such as skin irritation to workers and passersby
during hot and/or windy conditions.

For lime pozzolan stabilization and other supple-
mentary cementitious materials, the lime and the
pozzolan (or other component additives) are
dependent variables. This requires a comprehen-
sive testing program to determine the optimum
lime-to-pozzolan ratio (or ratio of other compo-
nents). In this regard, take into account the fol-
lowing:
 the costs involved for each of the additive
components, and
» the need for filler to correct a particle size
distribution deficiency.

6.3.3 Choice of Lime Type

While the type of lime does not appear to be
significant for determining the long-term struc-
tural properties of the stabilized materials, it has
considerable influence on the construction pro-
cesses. In selecting the type of lime for any
particular job, take into account the following:

* Nuisance—hydrated lime can cause a dust
problem even with very light winds.
Minimize its use in urban or windy areas.
Dust is not a serious problem with quicklime.
Lime slurry is dust free.

*  Soil moisture—quicklime and hydrated lime

are effective in drying out wet soils, but slurry

limes cannot be used for this purpose. Slurry
limes are very suited to dry soil conditions
where water may be required to achieve
effective compaction.

e Lime content—if the content of the additive is

to be kept low, quicklime is particularly
effective. The total amount of lime slurry will

usually be limited by the soil moisture content

and, in general, lime slurry is limited to low
additive contents (< 3%) and dry construction
conditions.

* Available equipment and expertise—these
factors are always important. Automated
spreaders, adequate mixing, and compaction
equipment are essential to achieve good
results.

While quicklime can be immediately mixed into
wet subgrades without problems, you should
allow the lime to hydrate before it is mixed into
subbase and base materials because unhydrated
particles of quicklime may cause expansion with
possible blowouts in the compacted materials.

6.4 Construction Considerations

The National Lime Association recommends that
lime stabilization be conducted only when the
temperature is above 40°F (and rising). Lime
modification can be used in colder temperatures.
Hydrated lime should not be applied on frozen
ground. Lime-stabilized bases should be com-
pleted one month before the first hard freeze.

Basic instructions on first-aid procedures and
appropriate facilities—such as protective creams,
burn creams and ointment, fresh water, and
eyewash glasses—should be available for the safe
handling of these materials, particularly in hot
weather.

6.5 Expected Performance and Cost

Lime has not been widely used in Alaska because
of the lack of appropriate soils. Lime could be
used with silty sands or sandy gravels if fly ash is
added to facilitate the pozzolanic reaction. There
is no cost data on lime-stabilized soils for the
state of Alaska.
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7.0 MECHANICAL STABILIZATION

7.1 General

Improving one material by blending it with one or
more other granular materials is referred to as
mechanical stabilization. This type of stabiliza-
tion provides a direct means of altering the
particle size distribution. Plasticity changes may
also result.

Mechanical stabilization may involve the following:

* mixing materials from various parts of a
deposit at the source of supply,

* mixing selected imported material with in-situ
materials, and

* mixing two or more selected, imported natural
gravels, soils, and/or quarry products on site
or in a mixing plant.

Materials produced by mechanical stabilization
have properties similar to conventional unbound
materials and can be evaluated by conventional
methods for unbound granular materials. Alaska
DOT&PF has added silt and/or clay to gravel
containing little or no fines.

7.2 Materials

Materials requiring mechanical stabilization have
properties that make them deficient to be used as
base or subbase materials. Typically, such materi-
als are:

* poor-graded products;

* dune- or river-deposited sands;

 silty sands, sandy clays, silty clays;

» crusher run products;

* waste quarry products;

* industrial byproducts; and

» high-plasticity pavement materials.

7.3 Design Criteria for
Granular Stabilization

The principal properties affecting the stability of
base and subbase materials are internal friction
and cohesion.

Internal friction is generated primarily as a result
of the characteristics of the coarser soil particles

and the particle size distribution (PSD), or grad-
ing. Cohesion (and shrinkage, swelling, and
compressibility) results primarily from the quan-
tity and nature of the clay fraction as indicated by
the plastic properties, sand equivalent, and maxi-
mum dry compressive strength (MDCS).

7.3.1 Particle Size Distribution

While maximum frictional strength does not
necessarily coincide with maximum density,
achieving high density will generally provide
high frictional strength. Maximum density grad-
ing is obtained with the closest packing and
minimum voids when:

(6.1)

where

p = % passing sieve size,

d = particle size

D = maximum particle size, and

n = 0.45 to 0.50 for most materials.

For materials with a maximum size of 19 mm, the
amount of fines passing the 75-um (#200) sieve
will be 6 to 8% for n values of 0.50 and 0.45,
respectively. When relatively low permeability is
required, materials should be of uniform particle
size distribution within the limits of 0.50 and 0.33
for n.

Where 7 is less than 0.33, the fines content may
be excessive. A high fines content will result in
reduced permeability and may lead to the devel-
opment of positive pore pressures and instability
during compaction and in service. However, these
materials will perform well if moisture conditions
are controlled. When # is greater than 0.50, the
material tends to be harsh and may be prone to
segregation and raveling.

7.3.2 Plastic Properties

The limits for liquid limit and plasticity index
(PI) given in Table 7.1 are generally accepted as
satisfactory design criteria for granular stabilized
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bases. Linear shrinkage (on material passing the
425-um [#40] sieve) and the PI of a material are
usually related. Linear shrinkage limits may be
determined by test or estimated from PI values.
Typical limiting values for linear shrinkage are
2% for sealed pavements and 3% for unsealed
pavements.

Table 7.1. Desirable Limits for Plastic
Properties of Granular Stabilized
Base Materials

Liquid Limit | Plasticity Index
Pavement Type (%) (%)
Sealed
Chip Seal <25 2t06
HMA <25 <6
Unsealed <35 4109

7.3.3 Strength Tests

For strength tests, such as the California R-value
and the California bearing ratio (CBR), use the
criteria normally specified for base and subbase
materials. You may also use repeated load triaxial
testing to characterize the elastic and plastic
deformation characteristics of granular stabilized
materials.

Selecting design criteria, particularly for lightly
trafficked roads, should take into account local
experience. Many materials that do not meet
normal specifications perform well in lightly
trafficked, well-drained situations.

7.4 Construction

In addition to adequate investigation and design,
good construction practice and testing are essen-
tial to achieve a properly performing material.
You must carefully proportion and thoroughly
mix the constituent materials to produce a homo-
geneous material that can be compacted and
finished as specified.

One of the major uses for granular stabilization is
in constructing unsealed pavements to minimize
dust. It involves mixing materials to ensure that

the correct grading and plasticity requirements for
a low-dust wearing surface are met. This is
usually a well-graded mixture with a specifically
designed amount of cohesive fines. This is not
easy to find without using special additions such
as commercial clay (for example, montmorillo-
nite or stabilite).

A suitable grading for wearing surfaces for
unsealed pavements is given in Table 7.2.

Table 7.2. Suggested Particle Size
Distribution for Unsealed Pavements

% Passing Sieve
Sieve Size Wearing Course
(mm) (Base) Subbase
26.5 100 100
19.0 85-100 70-100
9.5 65-100 50-80
4.75 55-85 32-65
2.36' 20-60 25-50
0.425 25-45 15-30
0.075° 10-25 5-15

1. The maximum particle size for subbase is
often increased to 40 mm.

2. The 0.075 mm fraction is the fraction
containing the dust particles.

7.5 Expected Life and Performance

Alaska DOT&PF has not used this technique
extensively; hence, there is little performance or
cost data available.

7.6 References
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8.0 SALT STABILIZATION

8.1 General

Salt stabilization has focused primarily on using
calcium chloride as an additive to improve perfor-
mance of granular materials. The stabilizing
action of this additive is in its ability to attract
and hold moisture and to reduce the void space of
the compaction material. More information on
this topic is available from the Salt Institute
(www.saltinstitute.org).

8.2 Materials

The aggregate gradations suitable for salt stabili-
zation are those typically recommended for
aggregates used as an unsealed surface. These
gradations have an increased amount of fines, or
the percent passing the No. 200 sieve. A mini-
mum value would be 5% with typical values in
the range of 6% for base course and 10% for a
wearing surface.

8.3 Design Considerations

Quantities vary slightly with application purpose
and gradation. Typical application rates are from
1.5 to 2.0 Ibs. of calcium chloride/square yard/
year/inch of material for full stabilization efforts.
The ability to hold moisture can improve the
workability and maintainability of the aggregate
surface, and the material may also be stronger.
However, if the surface becomes wet, it may be
less stable since the salt holds in the moisture for
longer periods of time.

8.4 Construction Considerations

You should add aggregate material in layers to
establish the specified grade and crown after
compaction. Add the salt shortly afterward to take
advantage of all subsequent mixing operations.
Blend all materials thoroughly using a travel
plant, a motor grader, or a pugmill. After the
material is mixed, spread it out to provide a lift of
at least 3 inches for compaction. Continue to
compact until sufficient fines are brought to the
surface to bind and seal the aggregate. You can
leave the surface unsealed or seal it with a chip
seal or a thin hot mix asphalt overlay.

8.5 Expected Performance and Costs

Most of the salt applications used in Alaska have
been for dust control and not for full depth stabili-
zation. As a result, there is little performance or
cost data for these types of applications. Also, the
salt can migrate over time, which causes a loss in
the stabilizing effects.

8.6 References

Dow Chemical, Roadbase Stabilization with
Calcium Chloride, 1988.

General Chemical, Calcium Chloride—Roads
That Last, 1988.

Salt Institute, The, Salt for Road Stabilization,
Washington, DC, 1986.
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9.0 CHEMICAL STABILIZATION

9.1 General

The vast majority of pavement stabilization
carried out in Alaska is conducted using cement
or asphalt stabilizers or blends of these stabilizing
agents.

However, other forms of stabilization have been
used in trial sections and these are briefly de-
scribed in this section. Many of these chemical
binders have been used as dust suppressants but
may also have the ability to alter other properties
such as strength and permeability. These binders
should be assessed for their ability to improve the
structural performance of pavements in a similar
way to the cementitious, lime, and asphalt binders.

One area where other methods of stabilization are
used is on unsealed pavements or pavements
under construction to reduce dust nuisance and
improve safety. This is an area that is continu-
ously developing, so individual stabilizing agents
should be assessed on the merits of their perfor-
mance for a particular application. Broad guid-
ance for the application of other stabilization
agents follows.

9.2 Dust Suppression

Short of sealing a road, there are no known ways
to eliminate dust emissions on a long-term basis
by using a single process or just one application
of a chemical dust suppressant. Dust suppression
techniques fall into three main categories:

» good construction and maintenance practices,
* mechanical stabilization, and

* chemical dust suppressants.

9.2.1 Good Construction and
Maintenance Techniques

Good construction and maintenance techniques
are fundamental for a longer life and high level of
service for unsealed roads. Providing a crown and
adequate drainage are critical in retaining a hard
road surface that minimizes dust.

9.2.2 Mechanical Stabilization

Section 7 describes mechanical stabilization. It
involves mixing aggregate materials to ensure
that the correct grading, plasticity, and strength
requirements are met.

9.2.3 Chemical Binders

If you continue to have a lot of dust and can’t
achieve dust suppression through mechanical
stabilization, you should consider using chemical
dust suppressants as an adjunct to the other
methods mentioned in sections 4—-6. Chemical
dust suppressions generally have a limited life
and require regular applications to maintain
satisfactory control of dust on a long-term basis.
Selecting a particular type of dust suppressant
depends on material composition and climatic
factors.

Chemical dust suppressants can be broadly
classified as

» organic nonasphalt products,

+ water attracting chemicals,

e waste oil,

* petroleum-based products,

» electrochemical products,

* microbiological binders, and

* polymers.

Organic Nonasphalt Products

Organic nonasphalt products consist primarily of
lignin sulphonates, a byproduct of the paper
pulping industry. Their action in the soil is to
adhere to and “glue” together soil particles. They
also act as a clay dispersant, making clay more
plastic and increasing its density after compac-
tion. Lignosulphonates are effective dispersing
agents for clays. During rain, the dispersed clays
in the soil swell, filling the pore spaces, which
tends to reduce water infiltration. During drying
out, the lignosulphonate distributed throughout
the soil reduces the rate of evaporation. These
products are water soluble and have a limited
lifespan if used in wet environments.
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Water-Attracting Chemicals

Water-attracting chemicals consist of hygroscopic
(water loving) materials, primarily chlorides and
salts (see Section 8). Salts suppress dust by
attracting and trapping moisture from the air,
keeping the pavement wearing surface moist.

Petroleum-Based Products

Petroleum-based products are recycled waste oils,
asphalt emulsions, and tars. Their effect is to
produce heavy agglomerations of fine dust par-
ticles. Oils are often the longest lasting dust
suppressants, but may carry the highest environ-
mental consequences, particularly if waste oil is
used.

Electrochemical Stabilizers

Electrochemical stabilizers consist of enzymes
and sulphonated petroleum and are highly ionic.
Electrochemical dust suppressants work by
expelling adsorbed water from the soil, decreas-
ing air voids and increasing compaction. Most of
these products need some clay particles to work
in the material. If traffic occurs during wet
weather, you should apply a wearing surface to
the electrolyte-treated material. The maximum
strength of the material may not be attained for up
to 20 days following application. This type of
stabilization produces a more cohesive road
surface, effectively increasing the energy required
to dislodge particles.

9.3 Construction Considerations

Work safely with stabilizing agents. Always
follow the manufacturer’s instructions and seek

advice about working safely with the products
from the manufacturer or contact the Research
Office of Alaska DOT&PF.

9.4 Expected Performance and Costs

Chemicals have been used in Alaska with mixed
success (Table 9.1). They have also been used
only in small test sections. Hence, good perfor-
mance and cost data are not available.

Table 9.1. Chemical Products
Evaluated by Alaska DOT&PF'2

Class Product
Clay Additives Stabilite
Enzymes/Electrolytes | EMC?
Perma-Zyme
Tree Resins Road Oyl

1. Stabilite, EMC?, and Road Oyl are products from Soil
Stabilization Products Co., Inc. (www.sspco.com)

2. Perma-Zyme is from the Charbon Group Inc.
(www.natural-industrial.com)

9.5 References
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10.0 OTHER STABILIZING TECHNIQUES

10.1 General

Other techniques, including drainage and
geotechnical fabrics, have also been used in
Alaska to stabilize soils. Although not used
extensively, they provide other options for stabi-
lizing soft or wet soils.

10.2 Drainage

Removing excess water using drainage tech-
niques can help stabilize soft wet soils. This
technique has been used successfully in combina-
tion with fabrics in southeast Alaska.

10.3 Geotechnical Fabrics

Fabrics have been used to reinforce soft soils as
well as to separate soils from aggregate layers.
This technique has also been used in southeastern
Alaska. Northern Region has also used Presto
products, a geoweb fabric grid that can be filled
with sand (www.prestogeo.com).

10.4 Expected Life and Costs

The limited use of these techniques has not
resulted in good life or cost data. Better informa-
tion on life and costs is required.

10.5 References
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APPENDIX A: Glossary of Terms

Absorption—The penetration of binder into an
aggregate or base.

Acidic Soil—A soil having a pH value less than
7.0 (see also Alkaline Soil).

Additive—A substance added in small amounts
to help in the manufacture or handling of a
product or to modify the end properties.

Alkaline Soil—A soil having a pH value greater
than 7.0 (see also Acidic Soil).

Anionic Asphalt Emulsion—A type of asphalt
emulsion in which the suspended particles are
negatively charged.

Binder—A material used for the purpose of
binding particles together as a coherent mass.

Bound Material—Granular material to which
cement, asphalt, or similar binders are added
to produce structural stiffness.

California Bearing Ratio (CBR)—A measure of
the bearing capacity of a soil or granular
material obtained from a standard soil test.

Cationic Asphalt Emulsion—A type of asphalt
emulsion in which the suspended particles are
positively charged.

Cemented Material—Materials produced by the
addition of cement, lime, or other
hydraulically binding agent to granular
materials in sufficient quantities to produce a
bound layer with significant tensile strength.

Chip Seal—A thin layer of asphalt material
sprayed onto a pavement surface and having a
layer of aggregate rolled in.

Cohesive Soil—A soil whose relevant behavioral
characteristics are derived largely or entirely
from the cohesive bonds associated with the
fine fraction.

Compaction Test (Field)—To compare field
compaction with maximum dry density of the
soil or pavement material.

Compaction Test (Laboratory)—A laboratory
test to determine the maximum dry density of
a soil or pavement material under specified
test conditions.

Cutback Asphalt—A material made from asphalt
by the addition of cutter oil for a temporary
reduction in viscosity.

Deep Lift—A pavement construction technique
whereby stabilization is carried out to depths
in excess of 200 mm.

Design Life—Time period during which the
quality of a pavement, for example, riding
quality, is expected to remain acceptable.

Design Traffic—Cumulative traffic, expressed in
terms of equivalent standard axle loads,
predicted to use road over time.

Dynamic Cone Penetration (DCP) Test—A test
in which the effort to push or drive a standard
steel cone into soil at a controlled rate is used
as a measure of certain soil properties, such as
the field CBR.

Equilibrium Moisture Content—The moisture
content that is reached in a soil in a particular
environment after moisture movements have
ceased.

Equivalent Standard Axle Loads (ESAL)—The
number of standard axle loads that are
equivalent in damaging effect on a pavement
to a given vehicle or axle loading.

Field Density—The density of earthworks or
pavement material measured in place.

Fly Ash (FA)—A fine powder of pozzolanic
material extracted from the flue gases of a
boiler fired with pulverized coal.

Foamed Asphalt—Hot asphalt greatly expanded
in volume by the introduction of steam or
water.

Gap-Graded Material—Material having a
substantially continuous distribution of sizes
from coarse to fine, the largest size being
several times larger than the smallest size.

Indirect Tensile Strength—The tensile strength
of a pavement material measured across the
diameter of the sample.

Isotropic—Having properties that are equal in all
directions.

Layer—A sequence of one thickness of pave-
ment material placed during one construction
operation.

Leaching—The removal of soluble material and
colloids by percolating water.
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Load Equivalency Factors—The ratio of the
number of repetitions of the standard axle
load that the pavement can sustain to the
number of repetitions of another axle load that
the same pavement can sustain for given
damage criteria.

Maximum Dry Density—The greatest dry
density of a soil obtained when a soil or
pavement material is compacted in a specified
manner over a range of moisture content. The
moisture content at which this density is
reached is called the optimum moisture
content. Two amounts of compactive effort
are commonly specified, referred to as
standard and modified.

Modification—Improving the properties of a
material by adding small quantities of an
additive.

Moisture Content—The quantity of water that
can be removed from a material by heating at
105°C until no further significant change in
mass occurs, usually expressed as a
percentage of the dry mass.

Noncohesive Soil—A soil that is lacking the fine
fraction, resulting in a loss of the cohesive
bonds associated with this fraction. Could
also have fines, which are nonplastic.

Nuclear Density Meter (NDM)—An instrument
for the nondestructive determination of the
density and moisture content of material,
using a radioactive source for its operation.

Optimum Moisture Content (OMC)—That
moisture content of a material at which it will
produce the maximum dry density under a
standard test.

Plasticity Index (PI)—The numerical difference
between the value of the liquid limit and the
value of the plastic limit of a soil.

Poissons Ratio—Ratio of radial to longitudinal
strain.

Pozzolan—A siliceous or alumino siliceous
material which in itself possesses little or no
cementitious value but which in finely
divided form may be mixed with lime or
portland cement to form a cementitious
material.

Recycling—The reuse of pavement material by
in situ or plant mixing, with or without the
addition of new material components.

Reflection Cracking—A visible crack in the
pavement surfacing resulting from the
movement associated with cracks in the
underlying pavement layer.

Rehabilitation—The restoration (that is, stabiliz-
ation) of a distressed pavement so that it may
be expected to function at a satisfactory level
of serviceability for longer.

Relative Compaction—The percentage ratio of
the field dry density to maximum dry density.

Resilient Modulus—The ratio of stress to
recoverable strain under repeated loading
conditions. Also referred to as elastic
stiffness.

Rutting—The longitudinal vertical deformation
of a pavement surface in a wheel path,
measured relative to a straightedge placed at
right angles to the traffic flow and across the
wheel path.

Stabilized Soil—A material that has been
modified to improve or maintain its load
carrying capacity. Modification may be by the
addition of other natural materials such as
sand, loam, or clay, or of manufactured
materials such as cement, lime, and asphalt.

Standard Axle Load (SAL)—A load of 80 kN
(18,000 Ibs) applied over a single axle with a
dual wheel at each end.

Stiffness—A measure of the elastic behavior of a
pavement material (6/¢€) and can be
determined either in compression or tension.

Subbase—The material layer on the subgrade
below the base, for the purpose of making up
additional pavement thickness required over
the subgrade, or to prevent intrusion of the
subgrade into the base, or to provide a
working surface on which the remainder of
the pavement can be constructed.

Subgrade—The trimmed or prepared portion of
the formation on which the pavement is
constructed.
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APPENDIX C: Soils of Alaska

C.1 General

The information presented in this appendix comes
from the Exploratory Soil Survey of Alaska,
which has been prepared for many different users,
including farmers, foresters, and agronomists.
Great differences in soil properties occur even
within short distances. Soils may be organic,
seasonably wet, shallow over bedrock or perma-
frost, gravely, and/or sandy. The type of soil in
the region will have a profound effect on the type
of additive that can be used to stabilize it.

C.2 Major Land Resource Areas

Alaska has 15 major land resource areas. Each is
characterized by a unique pattern of topography,
climate, vegetation, and soils.” They include the
following:

* Southeast Alaska. This includes the
mountains of the mainland east of the St.
Elias Mountains and the islands of the
Alexander Archipelago. It is dominated by
rugged hills and mountains that rise from the
sea. Strips of hilly moraines border most of
the bays and valleys. The area has a cool
climate characterized by high precipitation
throughout the year. Frost-free seasons are
long, but are offset by low summer tempera-
tures and persistent cloud cover. The pre-
dominant soil types encountered include in
road construction are sandy or silty soils and
peat or muskeg.

* Southcentral Alaska Mountains. This area
includes the St. Elias Mountains, Chugach,
and the Kenai Mountains bordering the Gulf
of Alaska and the Wrangell and Talkeetna
Mountains farther inland. Moraines, outwash
plains, and other glacier features are found
throughout this area. The resource area has a
variety of climates, ranging from high
precipitation and moderated temperatures

*  For expected soil types in each area, contact head
ADOT&PF geologist in each respective region.

along the coastal regions to areas with low
precipitation and marked seasonal tempera-
ture differences in the Interior. At higher
elevations, the precipitation is mainly snow
and summer temperatures are so low that ice
persists throughout the year. The predominant
soil types encountered in road construction
include silt, sand, and gravel.

Cook Inlet-Sustina Lowland. This area is a
long narrow basin between the Kenai,
Chugach, and Talkeetna Mountains to the east
and the Aleutian and Alaska Ranges to the
west. Most of the northern half of the lowland
is drained by the Susitna River and its
tributaries. The southern half borders Cook
Inlet. The Matanuska Valley is an eastern
extension of the lowland from the head of the
Cook Inlet. The entire basin is underlain by
sediments of the Tertiary age, but the surface
consists mainly of glacial deposits, including
low moraines interspersed with many lakes,
bogs, and broad outwash plains. The climate
of the lowland has both maritime and
continental characteristics. The Alaska Range
protects the area from the extreme tempera-
tures of interior Alaska. Precipitation is
moderate in the southern part and fairly low
in the central part. The predominant soil types
encountered in road construction include silts,
silty clays, and muskeg.

Alaska Peninsula and Southwestern
Islands. This area includes the Aleutian
Range, the Alaska Peninsula, the Kodiak
Island group, other small islands south and
east of the peninsula, and the Aleutian Islands.
The mountains of the Aleutian Range are
mostly volcanic, whereas the Kodiak
Mountains are a continuation of the non-
volcanic mountains that border the Gulf of
Alaska. The climate is generally maritime, but
influenced by the mountainous terrain. Except
in the high mountains, mean annual
temperatures are above freezing. Summers are
cool and winters relatively mild. Precipitation
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is heavy except in the northwest part of the
area. The predominant soil types found in
road construction are sand, silty sands, and
muskeg.

Copper River Plateau. This area is a broad
basin of rolling to hilly moraines and glacial
sediment interspersed with many lakes. It is
surrounded by mountains: the Chugach to the
south; the Alaska Range to the north; and the
Talkeetna mountains to the west. The plateau
is drained by three major rivers—the Copper,
the Matanuska, and the Susitna. The climate
is strongly continental—winters are long and
cold. Summers are short and warm. Mean
annual temperatures are below freezing and
precipitation is low to moderate. The pre-
dominant soil types found in road construc-
tion are silt, sand, and gravels.

Alaska Range. The long narrow mountain
chain arcs around southcentral Alaska and
separates it from the interior. It is very rugged
and has many peaks above 10,000 feet. Many
of the rivers in southcentral Alaska originate
in the Alaska Range region. Mean annual
temperatures are well below freeing even in
the low passes. Precipitation is fairly heavy
on the southern and southeastern slopes, but
lighter on the north and western slopes. The
predominant soil types are sands and gravels.
Interior Alaska Lowlands. This area
includes broad valleys and plains between the
Alaska Range on the south and east, the
Brooks Range on the north, and the Norton
Sound Highlands on the west. The area is
divided into parts—the Yukon Flats and the
Kanuti Flats, which are large basins surround-
ed by hills; and the Koyukuk-Innoko and the
Tanana-Kuskokwim Lowlands, which border
major rivers in the region. Also included are
natural levees, glacial outwash plains,
piedmont slopes, and some rolling hills. The
climate is continental, characterized by long
cold winters and short warm summers. The
predominant soil types for road construction
include silt, sand, gravel, and permafrost.
Kuskokwim Highlands. This area includes
hills and low mountains between the central

Yukon River and Bristol Bay. The northern
part consists mostly of a series of rounded
ridges 200 to 1,500 feet in elevation,
separated by narrow valleys. The climate is
strongly continental in most of the area but is
modified by maritime influences near the
Bering Sea. The mean annual temperature
everywhere except the coast of Bristol Bay is
below freezing. Precipitation is light in the
north but increases southward toward the
coast. The predominant soil types for road
construction are coarse to fine sands.
Interior Alaska Highlands. This area
includes hills between the Tanana and Yukon
Rivers and the Brooks Range and east of the
Koyukuk and Selawik lowlands. The high-
lands consist mostly of rounded hills and
ridges but include some mountains higher
than 6,000 feet. Parts of the area adjacent to
the major river valleys are as low as 300 feet.
The higher parts have been affected by
glaciers, but most of the area has never been
ice covered. The climate is continental with
long cold winters and short warm summers.
The predominant soil types found in road
construction are silt, sands, and gravels, and
some low-PI clays.

Norton Sound Highlands. This area consists
of hills and low mountains on the Seward
Peninsula and in the area east and south of
Norton Sound. Elevations are generally less
than 3,000 feet, though a few peaks are
higher. Some of the mountainess areas were
glaciated, but most of the area has always
been free of ice. There is a significant
maritime influence on the climate in the area.
Mean annual temperatures are below freezing,
but winters are milder and summers cooler
than in the inland areas. Precipitation is
moderated in the regions bordering the sound,
but low in the northern Seward Peninsula. The
predominant soil types found in road
construction are sand and silty gravels.
Western Alaska Coastal Plains and Deltas.
This area is made up of the Selawik-Kobuk
Delta and the Yukon-Kuskokwim Delta and
the Bristol Bay coastal plain. All are low and
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have very little relief. Permafrost underlies
nearly all areas except the southern part of the
Bristol Bay coastal plain. A cold maritime
climate prevails. Mean air temperatures are
generally below freezing except for Bethel,
Kotzebue, and King Salmon. The pre-
dominant soil types found in road construc-
tion are silts, and sands.

Bering Sea Islands. This area includes six
islands of the Bering Sea—the Pribilofs,
Nelson, St. Matthew, and St. Lawrence. The
islands are volcanic rock and permafrost is
virtually everywhere, except the Pribilof
Islands. All of the islands have cool moist
climates with mean annual temperatures
increasing from the north to the south. The
predominant soil types found in road
construction are sands and gravels.

Brooks Range. This area, the northern
extension of the Rocky Mountains, extends
across northern Alaska from Canada to about
the Bering Strait and the Chukchi Sea. The
southern slopes of the Brooks Range mark the
northern limit of extensive forests in Alaska.
In all but the southern slopes, the climate is
arctic, with freezing temperatures occurring
every month. Total precipitation is low. The

predominant soil types found in road
construction are sand and silty gravel.

* Arctic Foothills. This is an area of low ridges
and intervening swales north and west of the
Brooks Range. The elevation is generally less
than 2,000 feet. The area has an arctic
climate, modified slightly in the western part
by a maritime influence. The predominant soil
types found in road construction are silt, sands,
and gravels.

» Arctic Coastal Plain. This is a gently rolling
treeless area with many shallow elongated
lakes and naturally drained lake basins. Rivers
flowing from the mountains to the south
meander across the plains to the Arctic Ocean.
The climate is arctic with low mean annual
temperatures and very low precipitation rates.
The predominant soil types found in road
construction are sand and silty sands.

C.3 SUMMARY

This appendix briefly describes the different land
resource areas in Alaska and the major soil types
encountered in road construction. For more detail
on soil types, the reader is referred to the USDA’s
soil conservation publication titled Exploratory
Soil Survey of Alaska, dated February 1979.
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+ Typhtal asphak contints
-
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31

32

52

Alaska Soil Stabilization Design Guide




Mix Properties

= Mlarshall Stabiliy and Mo
+ Stifness-diamsdral modulus Test
+ Fabigua parfoemancoe

+ Rubling resistance

Caonstruction

33

+ Miiming {in-place or central plant]
+ Placesmant

s Compaction

+ Curing

+ Mg Tor surfsce (HME or surfaos
treatmeent)

Perfermance and Cost

34

s Petformancs
=« Hag varied from good by popa
= ol
= Gaod oot dats nat read)y oenia b

Do's and Don'ts

35

< Bo's
= Seleci lew 1y ki meobm Iz Tax job
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e vutteor e

s Donle
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Good web sites
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o BEMA [wwiw semaang)
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Cement Stabdization

Stabilization with Pertland Cament

38

+ HuRable rypes of soily

* Soi 15 ¥ an i
+ Mix Design

s Properties of reabsd woily

R T LTS

+ Parfumance and Costy

+ On's and don'h

Poriland Cement

39

Produced by pulsernizing clinkar
consisting of hydraulic calchum
milicaleds, and ueually Sanlaining cne
ar mine Torms of calclum sulabs

(AETH C-1)
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Other Definitions

= Coyman St Tipeg Soit Miqes of modl ped
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B PSS el il e b4 [y lErEis.

Drher Defindthans (cant )

41

= Camanr-MaoWeg Soll Unhardenad ar
s |hardenad intimate mixbure of
pilverized soil, poeiland cemend, and
waber, Significantly smaller cement
conbents ane ukad in camem-modilied sall
Ehan in sodl-camsl

Types of Portland cement

42

i - nosmmal

11 - mcedi i

11§ - high garly strengin
+ I - low haat

W= gultaie resistant

Suitabde Soll Types

43

+ Good far most sandsigravels

+ Also auilabis for Bne-grainad salls
with lovw o medium plastcity [ 9]

<30}

Quinaticn- where has poriland camend
boen wad In Alaska?

Soll-Cement Reactons

44

lon aachangs

Flocculation

Poazolamic reach cn
= Carbomnation

Porilard cemant hpdration- mosi
mmparian

Mix Design

45

o [P e
- Approsimals
- Dertmded testing
+ Typecal cement conlents

- B 19w

- Too much FC can luad 1o shiinkags

taméhung

Typical Cement Contents

46
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47

+ Compaction chamserisScn
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Tartiin wi del P i did bk
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Consiruction

hiixing {in-place or central plant]
Placemant

Compactan

Curing

M Tor surfaos layer (HMA or
surface Treatment)

Performance and Cosis

49

+ Parfarmancs
Has varsed fiom good 10 fsaar
- lLack ol good peformancs infomaticn
+ Cosks
Lack af geed daga In Algkn
~ Warilics Wil sige of b

Do's and Don'ts
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Bo's
- Il pood qualtty cermeei
- Froeds lor thorzegh eising

- N provids [or mosr oo ng ol
mnsecioe

Dhin B
- ik w1 gl nile
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+ AT jack-int.org)
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(e porierpelicompanty, com|
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Lima/Lima Fiy-ash Stabllizaton

Stabilization with Lime!
Lime-Fly Ash

53

Sufable cypes of snik

+ Sod-imailme-fly ash meclion
+ Mix design

« Properties of fresbed aoily

O L

= Perfoamance and Cosds
On's and Doty

Definitioms: LimeFly Ash

54
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Types of Lime
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Types of Lima/Fly Ash Mixtures

= LFA = maxture of |imss and fly ash with
anyjregle

* LGFA - mixhere of lime, cemend, and
My ash wilh agoregats

= LFS - mixntura of lima ard My ash with
soil

57
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59
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Cation Exchange and
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60
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Mix Design
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Selection of Lime Content
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s gl A2 tmk
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Lime-Fly Ash Typical Contents
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Fropenies of Trealed Solls

+ Hecuresd mirtumns
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- Wezwicrn - dersEy misborms
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o Cwred roixba res
= Simrgiy nd delomesiio:s properies
- Eheiniage
iR TR
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Parformance and Cosis

65
Construction
= Mlising
+ Placing
+ Compacton
= Cuiring

= M Tor surfacs Layer (HMA or
surface Erestment)

+ Parfanmancs

Mot used in Aasks hacause of ok of
clayw

- Gan b used with fig esh and grasaiar
v b Ll

+ Cosks
Hang available in Alagka

67
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Mechanical Stabilization

Mechanical Siabilization

7

+ Cansiad

= Mialeriala

« Dspign

» Canadiuction

+ Perfarmance snd Costs
+ Do's and Don'ts

Types of Mechanical Stabilization

72

» Miiwing materials from various parts
ol the deposil

s Mizang sedect or import mabemal with
-8l rarlerials

« Wiming 3 ar mors maledials on ajle ar
in a miskng plant

Materials Requiring Mechanical
Stabilization

73

+ Poar-graded aggragaias
+ Duing sands

+ Gilty sands or clays

+ Grushes nan products

+ ‘iWakie peoducts

Design Considerations

74

= Imyprosng gradabion

+ Changing plasiic proparties

+ Changing strength

+ Typicailty 1-3% of fillar ks added

“Primary use s tha minimize dust an
sggregaie suriaced roads’

Consibruction

75

+ Proporboning of matarials

+ MHming the matarals- fines should ba
added dry to slightly moist

s Caompactaon
s Meesd for a surface layer

Performance and Cost

76

= Parformance
= L] i ol e g s
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Dos and Don'is

77

+ Do
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« Donts
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Other Stabilization Technigues

Stabilization with Other Additives

79

= Salis

* Lignird

v Dzt ails
+ Chamicals
= Falirics

» Difaiiage

Sakts - General

80

+ Can use sither Catl, or MgSl,
' impartan Ensfis

- mproers corptban
- B R e

+ Mecommanded with wiFs F200
- Gomes in bquidpelet farm
+ Gan be wwed i baie of waaring iuface

Salts - Design

81

= Tymically use batween § o 10 |k of
solid per ton ol aggregate

= Equaies ko 1.6 to 2.6 gal®on of
aggregate Tor 3 aolide Call,

* Mot suppliers recommend 1 galisgyd
whsn Irsating a 4 inch layes

Salis - Construction Hints

82

= Py haree fo apply inoa senes of
pakiRs o preveant runok

+ Baal to apply whan ajgragato (s
damp

= Gompsct closs io opbmum maisture
i b

Salts - Maintenance Hints

83

v Can b bladed dey, bul bagl ¥ bladsd
with some maolshure present

+ Balts will leach or migrate over Hims

Performance and Cosis

84

» Parfarnance
— Galtx cam migrate
— [Enparcusd i of iTevimant varkss
- Ganerslly ra-tramoied saery year
+ Caokls

— Mformation for Alasks nol faadily
available

Lignins - General

85

+ By{product of wood pulping process
+ Fhysically binds materials togathar

« Can be used to freat baselsurface
Ajpregales
« Ganarally darkers. ihe malarial
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Lignins - Design

= Typically mix 1 part lignin to 1 past
M0

= Tokal diluied spplication e is close

1o 2 galaisy for 4 1a & in, depih

« Bgiphied in mulliphe apry
applications (-3

Lignins - Constriction Hinis

87

« Mining
- Biwce
- Wb
* Epply in 3 appleaScis
- 0LE guliwy
- L0 gy
- gabey
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Lignins - Maintenance Hints

Perfermance and Cost

= Hard crust is Tonmad, S0 blads wihen

mosd surisce is moisl
= Ligrin is. waber soiluble
= Wil migrate under heavy rains

+ Parfarmancs
Mot sidely vsed In Avoalabbs
- Wl wesh cul with cen
+ Costs
Hab peminbds Tor Alagks corashiong
- I |evean 48, $0.08 1o 1,508y
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Dust ils

90

+ Bands andlor Sjplomorates Burfacs
particles

= Seryes bo waterpsool the mosd
aniflacs

= Qiferat

Gensaral

91

Iz luites asphall amilsions,
cutbacks, modified emulsions, other
ail A wakle proslucis

Can b uked ba bieal sithel Ihs bass
or wearing sulaces

Design Considerations

92

+ Amount of solids resmaining
delermines the strength of the bomd

= Typically spply the dilubed emulsion

a & rate of 0,75 bo 1 galiay, diluted
1:1

= Each emudsion may have & diflerent
recommended dilubion ratio

Construction Hinis

93

Bpply o3 wal surfaca o gl
penetration

Errauilsions do nof penebrade as well
o cultiacks. May have o milx

For C55-1 compac! alisr B mizing
s complebs

94

60

Alaska Soil Stabilization Design Guide



Mainienance Hints

+ Once bladed, the bond is permanset

* Foa-blaeding will desbioy tha bond

= Oibair?

Performance and Cosis

95

+ Parfanmancs

Warkts with trafMc and need Tor re-
hinding

» Cogls
Mol semlabie Tor Alasks

Chemicals

96

+ Elatokiic, anEysed, i T i

~ Finipll Gk, EWECT | Pl e vl Slbeis. aied
im i

= Usa fiwvied primadly for irel wecfions
« Oiher wuen

= Comeriics, shemp=as

= EwigrpgErie e rg sgeTis

Design Conskderations

97

= Miost chomicals need clay particlas
o siabilize

s Mast do nol change the color ol the
rEissiial

» Diluged 1 paim ia 100 ar mane parts af
waber

Construstion Hinks

98

« Suilace genarally ireated avary yaar

v Campacisd near oplimum water
conbant

= Figh dansities assandlal 1o ks
procass

+ [f traffic coours during wat waathar,
may hayve io apply a wearing surface

Mainienance Hints

99

= Thiz stabilized material can ba
rewnaied

= [ weill harden again under iraffic

= Biading in dry conditions will cawse
chiabing &nil sdaiinm

Performance and Cosis

100

+ Parformancs
i Alpska. 15 nof vl dociments
- Smam io Es highly variabls
= Costs

- Ha cor datn avallaile far s
propch

Drainags and Geotexbas

101

+ Masmoibing wilar cam hsip slhbilss sofl
F0d5

» Fabile deslits oo b uied for Bhes

= Fahtics can alss be pesd in eeinforce ol
s 85 1 S 1B 0 524 16 T O @ @G ik

s Prexin Gride havee been ussd by the
oithwain Fglon i daliliee siids
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CQueelinmierssms

General Concluslons

103

+ Bgphalt ard camenl have Dean Tha
maosl wadely used stabilizers

s The performance of goill siabsired
parvEimarlE s bean imided i Alaais

« The guids provides suggesisana bor
weing the various siabilizers

Implementation of Guide

Purpose of guids ks fo eopand use of
siabskred mabenals

‘Wihal is the best wary o smplement
The gniids

Tralning e Bndng cosl elleciive
SalUtiong
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